Many researchers have found that the main reason teachers participate in peer-to-peer professional development networks (PDNs) is to seek and share professional knowledge. Yet, the majority of studies about PDNs focus on how and why teachers participate in these virtual spaces rather than how teachers find and distribute knowledge. Each PDN has its own unique rules, tools, community members, and culture that shape how knowledge is created, organised, curated, and shared. Without understanding the factors that shape how and why knowledge is shared in a PDN, teachers may not be able to access the knowledge they need to grow their practice. This study was designed to examine teachers' knowledge seeking and sharing actions in the Edmodo Math Subject Community, a popular PDN. Cultural historical activity theory was used as a framework for examining the socially constructed actions of seeking and sharing knowledge in a PDN. The findings suggest that seeking and sharing knowledge is a complex, dynamically evolving process that is shaped by the technical (e.g., tools) and social (e.g., community members, rules, roles) aspects of the PDN. Implications and ideas for further research are discussed.
Introduction
Teaching is a complex and challenging job, thus, teachers need ongoing learning opportunities to construct knowledge that will help them stay current with the evolving knowledge domains in their practice (Commission on Teacher Credentialing, 2009). Shulman (1986 Shulman ( , 1987 identified six knowledge domains for teachers: content knowledge (e.g., subject matter), pedagogical knowledge (e.g., teaching strategies), pedagogical content knowledge (e.g., combining subject matter knowledge with the understanding of how students learn), curricular knowledge (e.g., understanding the curriculum, including materials and tools), knowledge of learners (e.g., knowing what teaching and learning strategies work for each student), and knowledge of educational contexts (e.g., understanding the sociocultural factors that shape the classroom, school, and local community). Although Shulman's teacher knowledge domains were developed more than three decades ago, they are still relevant today, as the nature of teaching and learning in many school settings has not changed much in 30 years.
Many teachers are participating in peer-to-peer professional development networks in order to expand their professional knowledge and grow their practice (Hew & Hara, 2007 ; U.S. Department of Education, Office of Educational Technology, 2011). PDNs are internet-based tools or platforms, such as discussion forums, email list servers, and social media walls (e.g., news feeds), that allow teachers to exchange professional knowledge (Trust, 2015) . Teachers typically use PDNs to find and share lesson plans, course materials, digital resources, learning activities, websites, news articles, and other relevant practice-based knowledge (Trust, 2015) .
Each PDN consists of a unique composition of sociocultural elements that play an important role in shaping how teachers find and distribute knowledge. Cultural historical activity theorists contend that people's goaloriented actions are mediated by tools and shaped by the sociocultural norms, rules, and divisions of labour within a community (Cole & Engeström, 1993; Engeström, 1987; Leontiev, 1978; Vygotsky, 1978) . As teachers seek to find knowledge in a PDN that will support the growth of their practice, their actions are influenced by their goals, the tools they use, the rules and roles of the community, and the community members' actions. Teachers who understand the various elements that shape how knowledge is found and distributed in a PDN are more likely to acquire knowledge that meets their needs and supports the growth of their practice. Thus, the goal of this study was to examine the sociocultural elements in a PDN that shaped teachers' knowledge seeking and sharing actions in order to provide researchers, administrators, instructional designers, and teachers with insights about how to design and navigate PDNs for professional growth.
Literature review
PDNs are web-based tools or platforms that allow teachers to seek and share professional knowledge with peers and experts around the world (Trust, 2015) . These tools and platforms allow teachers to break out of their isolated school environments (Carpenter & Krutka, 2014; Rosenholtz, 1989; Tharp & Gallimore, 1991) and exchange knowledge with teachers who they might not met otherwise. This process of exploring professional knowledge that is shared by a diverse group of educators allows teachers to gain new insights and resources and stay up-to-date with the latest changes in the field of education (Duncan-Howell, 2010; Forte, Humphreys, & Park, 2012; Hew & Hara, 2007; Hur & Brush, 2009; Visser, Evering, & Barrett, 2014) .
While PDNs are similar to online communities of practice, in that individuals engage in these online spaces to gain professional knowledge and improve their practice, individuals typically engage in one-time, shortlived interactions (e.g., posting a question) in PDNs to find knowledge that meets an immediate interest, need, or goal (Trust, 2015) . In contrast, in face-to-face and online communities of practice, members connect, build relationships, mentor one another, engage in sustained conversations, build shared artifacts, and collaboratively work to improve the profession (Johnson, 2001; Riel & Polin, 2004; Schwier, 2001; Wenger, 1999) . Likewise, members in communities of interest (Jones & Preece, 2006) and affinity spaces (Gee, 2005) engage in long-term, knowledge-building activities around a topic of interest.
Even though PDNs are different from online communities, affinity spaces, and communities of interest, teachers' actions in all of these online spaces are shaped by a variety of factors. Jones and Preece (2006) discovered that membership and participation in online communities were influenced by a variety of social factors, such as etiquette, social presence, empathy, trust, reciprocity, and governance. Carr and Chambers (2006) found that teachers' perceptions of the online community, their ability to use the community platform, and the culture of the community shaped whether teachers participated in the online community. Additionally, Barab, Schatz and Scheckler (2004) found that the social aspects of the community (humanhuman interaction) shaped member participation more significantly than the technical aspects of the community (human-computer interaction). The authors of these studies highlighted the importance of examining the sociocultural contexts in online communities.
Teachers' knowledge seeking and sharing actions always occurs in, and are shaped by, a context (Jonassen & Rohrer-Murphy, 1999; Vygotsky, 1978; Webster-Wright, 2009 ). Boud and Walker (1998) consider context to be one of the most influential factors that shapes the learning process. Every PDN has a different context that consists of various interactions among people, tools, and content. It is important to understand how the context of a PDN, and the interactions that occur, shape teachers' abilities to locate and exchange professional knowledge.
Yet, there is a dearth of research in the areas of both teacher learning and PDNs about the contexts that shape how teachers find and share professional knowledge (Webster-Wright, 2009 ). Many studies about teacher learning focus on the knowledge that teachers need to acquire to become highly effective professionals. These studies often explore the different types of knowledge that teachers need to successfully navigate their profession (Grossman & Richert, 1988; Kleickman, et al., 2012; Shulman, 1986 Shulman, , 1987 and the ways that teachers gain professional knowledge (e.g., formal and informal learning opportunities) (Cochran-Smith & Lytle 1999; Kleickmann, et al., 2012; Shulman, 1987; Villegas-Reimers, 2003; Webster-Wright, 2009 ). Opfer and Pedder (2011) argue that teacher learning needs to be examined using a more complex theoretical framework in order to understand the network of variables that influence the process of acquiring new knowledge. By understanding the complex dynamics of teachers' knowledge seeking and sharing actions within a PDN, researchers and administrators can support teachers in learning how to navigate the complexity of PDNs to find knowledge that will grow their practice. Divaharan and Lim's (2010) study of the sociocultural contexts influencing teachers' use of information and communication technology (ICT) is an exemplar of how researchers might analyse the process of teacher learning using a more complex framework. Divaharan and Lim used the CHAT framework to examine contradictions, intentionality, and the relationships among the activity system elements in order to demonstrate that teachers' use of ICT is shaped by multiple, overlapping variables within a school system. The findings from their study yielded important insights for the stakeholders (e.g., administrators, school leaders, teachers, students) who were invested in ICT integration within the schools. Thus, in order to address the gaps in the literature about PDNs and teacher learning, the researcher selected the CHAT framework for this study to examine the network of sociocultural factors in a PDN that mediate how teachers seek and share knowledge.
Theoretical framework
Cultural Historical Activity Theory (CHAT) provides a lens for understanding human cognition by examining the dialectical relationships among people, tools, and goals as they influence and are shaped by social structures, culture, and history within the context of a community (Cole & Engeström, 1993; DeVane & Squire, 2012; Engeström, 1987) . In CHAT, the activity system is the primary unit of analysis (Engeström, 1987) . Activity systems are networks of sociocultural elements, with complex mediational structures, that shape the collective actions of individuals who are motivated to achieve a goal (Cole, Engeström, & Vasquez, 1997; Engeström, 2000; Leontiev, 1978) . The common elements within an activity system are: object, outcome, subject, tool, rules, division of labor, and community (see Figure 1) (Cole & Engeström, 1993; Engeström, 1987) . These are explained as follows.
Object and outcome
CHAT was founded on Vygotsky's (1978) and Leontiev's (1978) idea of object-oriented action. Leontiev (1978) claimed that human action was structured, motivated, and directed by an external object. The object, or objective, (Nardi, 1996) is the target or product of the activity system. Objects generally surface to meet a human need (Engeström, 2000) . The concept of the object provides insight into why people perform different actions (Kaptelinin & Nardi, 2006) . Subjects are motivated to transform objects into outcomes, or desired results (Engeström, 1987) .
Subject
The subject refers to the people engaged in the activity system. The subject can be an individual or a group of individuals (Jonassen & Rohrer-Murphy, 1999) . As subjects pursue the object, their identities and knowledge are shaped and transformed through their interactions with the other elements in the activity system (Davydov, 1999; Roth & Lee, 2007) .
Tools
Tools mediate every human action and experience (Vygotsky, 1978) . Tools can be internal, external, psychological, or material (Kozulin, 1998; Vygotsky, 1978; ) . Material tools (i.e., new technologies) are the physical items in the external world, while psychological tools (i.e., mental models and symbols) are cognitive strategies used to master higher mental functions (Kozulin, 1998; Vygotsky, 1978) . Tools are deeply embedded within the elements of the activity system. When the subject selects a tool to use, the tool defines the way the subject carries out an action (Kaptelinin, Kuuti, & Bannon, 1995) . The subject often shapes and enhances the tool to make it more effective and useful, which then changes the way the subject completes a task (Jonassen & Rohrer-Murphy, 1999) .
Community, division of labour, and rules
The community refers to the group of individuals with a shared interest or culture that interact within an activity system. The community members negotiate the division of labour and the rules for participation within the community (Jonassen & Rohrer-Murphy, 1999) . Individuals enact different roles within a community since a single individual does not have all of the knowledge and skills necessary to carry out all of the actions within the activity system (Tolman, 1999) . Individuals participate in different roles based on their skills, knowledge, and interest (Jonassen & Rohrer-Murphy, 1999) . In addition to the division of labour, each community has a set of collectively negotiated rules, or sociocultural conventions. These conventions are either explicitly stated or implicitly understood guidelines for acting, behaving, and interacting within the community. The rules provide lens for understanding how to become a full participant in a community.
Contradictions
Within an activity system, there are internal tensions, or contradictions, that build up over time and lead to the transformation of the system (Engeström & Miettinen, 1999) . According to Roth and Lee (2007) , there are four main levels of contradictions that subjects might experience: "internal to one element, between two elements, between two objects, and between two activity systems" (pp. 203-204) . When contradictions are brought about consciously, they can lead to a change in one or more of the elements within an activity system, which eventually transforms the whole system (Roth & Lee, 2007) .
Overall, CHAT provides a lens for examining the critical components within an activity system, such as object-orientedness, tool mediation, intentionality, the relational and dualistic nature between the elements, and contradictions (Kaptelinin et al., 1995) . By using the CHAT framework as a theoretical lens, researchers can take a more systematic and thorough approach to understanding the factors that shape how teachers seek and share knowledge within a specific context.
Methods

Research question
The CHAT framework was used as a guide for exploring the sociocultural factors that influenced how teachers found and shared knowledge in a PDN. The following research question guided the study:
• How is the process of seeking and sharing knowledge shaped by the sociocultural elements within a peer-to-peer professional development network?
Research site
The Edmodo Math Subject Community (see Figure 2 ) was selected as the research site because it is a popular PDN. Edmodo is a social networking platform for educators and students. The site has a similar layout to Facebook, including a profile page for all members, but also, it has classroom groups and subject communities. The Math Subject Community (MSC) is one of the 12 subject communities that are available in Edmodo. It provides a space for math educators, and anyone interested in math education, to freely exchange practice-based knowledge. While the MSC is open to individuals around the world, the majority of members tend to be located in the United States. The MSC is catered toward K-12 teachers. The members use the community wall to share information and resources, solicit advice, and post requests for help. The MSC has seen exponential growth. In 2011, it had less than 10,000 members. In early 2014, the number of members exceeded 400,000.
Data collection
The data collection and analysis strategies were informed by the literature on CHAT. In order to capture the complexity of an activity system, CHAT researchers recommend using a qualitative methodology to collect multiple types of data and ensure that the subject's point of view was included in the study (DeVane & Squire, 2012; Jonassen & Rohrer-Murphy, 1999; Nardi, 1996) . For this study, the researcher collected three sets of data (online survey responses, interviews, and discussion threads from the MSC) in order to examine the MSC activity system from multiple perspectives. The researcher obtained Institutional Review Board (IRB) approval for the study.
The researcher developed and distributed an online survey in order to gain a broader understanding of the constructs that shaped the members' actions in the MSC. The first page of the survey included a consent form, which provided an overview of the study and asked participants for permission to use the data they provided for the study. All of the participants electronically signed the consent form. The survey included demographic questions (e.g., years of teaching experience, subject, grade level) that provided insight about the subjects and the community factors in the MSC activity system. The survey also featured questions about members' actions in the MSC (e.g., "Why do you visit the MSC?", "What actions do you perform in the MSC?", "What types of professional knowledge do you look for when visiting the MSC?") that provided additional information about the subject, tools, community, and object of the MSC activity system. The online survey was posted on the MSC wall over a period of 8 weeks from June to August 2013, during which time 150 individuals completed the survey.
The survey results were used to identify teachers who had experience acquiring knowledge from the MSC and who had visited the MSC more once a month during the previous school year. This "purposive sampling technique" (Lindlof & Taylor, 2011; p. 109 ) was used to select participants who had enough familiarity with the MSC and finding and sharing knowledge that they could provide sufficient expertise for the study. A total of 67 participants fit these criteria. These individuals were contacted about participating in a followup interview. A total of 10 respondents agreed to participate in the interview. These respondents participated in 60-to 90-minute interviews. The researcher developed a semi-structured interview guide in order to conduct the interviews in a systematic, yet flexible, way (Patton, 2002) . The interview guide included the following four topics with two or more main questions per topic (see Table 1 The topics were ordered in a way that would allow participants to walk the researcher step-by-step through the process of locating or sharing knowledge in the MSC. The interview questions were designed to explore the multiple elements within an activity system (see Table 1 ). The researcher also collected 600 discussion threads from the MSC wall over a period of 9 months. A random selection technique was used in order to draw a representative sample of discussion threads from the MSC and to ensure that the dataset incorporated discussion threads from a variety of individuals. Every week from September 2012 to May 2013, the researcher used a random number generator to determine the day of the week and time of day to collect the 20 latest threads in the MSC. The discussion thread dataset included 600 initial wall posts and 1908 replies to the posts. The discussion thread data was used to triangulate the interview data.
Participants
Survey participants
A total of 150 participants filled out the online survey. The majority of the participants were female (88%) and were located in the United States (89%). The average age of the participants was 42, with an age range of 23 to 65, and average years of teaching experience of 13 years, with a range of 0 to 38. All grade levels were represented with 43% of the participants working in elementary schools (grades K-5), 37% working in middle schools (grades 6-8) teachers, and 20% working in high schools (grades 9-12). The grade levels are equivalent to Australian school grades.
Interview participants
Seven of the participants were middle school teachers (grades 6-8) and the other 3 participants taught at elementary schools (grades K-5) (see Table 2 ). Eight of the participants were female and 2 were male. The number of years spent teaching ranged from 10 to 26, with an average of 16.5 years. The average age of the participants was 43 years old. While the interview participants shared many of the same characteristics of the survey population, such as number of years taught, grade level, average age, and gender, they reported visiting the MSC more frequently during the previous school year and making use of the knowledge from the MSC more often.
Data analysis
The researcher conducted a theoretical thematic analysis (Braun & Clarke, 2006) of the survey data in order to identify the sociocultural contexts that influenced how teachers found and shared knowledge in the MSC. The researcher imported the survey data into an Excel spreadsheet. After reading through the data, the researcher used the CHAT framework to generate initial codes (e.g., subject, tools, object, community). The researcher then examined the dialectical relationships among the codes in order to gain a broader understanding of the complexity of the MSC activity system. This was done by creating relationship codes for each element (e.g., subject-tool, subject-object, subject-rules) and then identifying and examining the data that fit within these codes. The researcher conducted member checking of the interviews in order to examine the interpretive validity of the findings. The researcher used the results from the data analysis to answer the research question.
Results
Overall, the object-oriented action of finding new knowledge was influenced by a network of elements in the MSC activity system that interacted with and mutually constituted one another. Figure 1 presents the emergent themes. The following sections will detail each of the elements in the MSC activity system and how they shaped teachers' knowledge seeking and sharing actions. 
Object
Teachers' actions within the MSC were shaped by the object of finding new knowledge, with the intended outcome of improving student engagement in learning math. The survey participants were asked to share what motivated them to visit the MSC. The majority of survey participants (87%) reported that they visited the MSC to "find new ideas and resources." All 10 interview participants shared the same goal of finding new knowledge to implement in their classrooms. The majority of interview participants felt that math was boring or too abstract for their students to learn, and therefore, they needed to find new resources and learning activities that would improve student engagement. The object of finding new knowledge was also evident throughout the 600 discussion threads. Fifty-four percent of the discussion threads included a request for knowledge (e.g., "Hey, I'm looking for a creative way to teach my students how to find missing dimensions on a right triangle. Any ideas?"), while the remainder of the threads consisted of members sharing knowledge (e.g., "Here are 2 days of Thanksgiving warm-ups if anyone is interested for Monday and Tuesday.").
Subject
The subjects were teachers, higher education faculty, teacher educators, and anyone interested in exchanging professional knowledge related to math education. The subjects engaged in actions that allowed them to mutually evolve with the MSC activity system. Each subject brought a different background, experience, and expertise into the MSC. As the subject browsed the community wall and learned from other members, the subject's knowledge may change, and thus, the subject has changed. This meant that every visit to the MSC might change the subject. For example, Rachel, a seventh grade math teacher commented, "Every night, I find a couple things [on Edmodo], and that's more than I had before. So, I'm constantly adding to my knowledge base and resources." Rachel was constantly learning and growing with the MSC. She shared, "the Edmodo math subject community has helped me be a better, more innovative, teacher." However, the process of acquiring knowledge was not a one-way transaction. Rachel noted, "I teach gifted children, so I know how hard it is to meet their needs in the regular classroom, so whenever teachers are looking for what to do to extend learning, I end up sharing a lot of that stuff." Rachel had unique knowledge (e.g., teaching gifted children) that she shared with the MSC and this shaped the stream of knowledge in the MSC. Thus, Rachel and the MSC mutually shaped one another.
Tools
The MSC provided two tools to help teachers find and share knowledge: a search engine and the community wall (see Figure 2) .
Figure 2. Edmodo Math Subject Community screenshot
Search engine
The search engine allowed members to search the entire Edmodo site, including all 12 subject communities. Members could use the search engine to quickly find specific knowledge instead of having to browse through the disorganised posts on the MSC wall. However, the search engine did not seem to be a popular tool for acquiring knowledge in the MSC. Only 20% of the interview participants and 35% of the survey respondents reported using the Edmodo search engine to find specific posts. Sixty percent of the interview participants stated that they were not aware of the search engine.
Community wall
The community wall was a virtual space for members to post questions and share resources. The community wall was frequently populated with new discussion threads. Members shared knowledge by posting on the community wall or replying to a post. Posting was the action of writing text and sharing it with the community. Anything that was posted on the community wall was visible to all community members. Members could embed uploaded documents, hyperlinks to external websites, and share resources from their Edmodo library in a wall post.
An overwhelming majority of the survey participants (92%) and all ten interview participants reported that they found new knowledge by reading the community wall discussion threads. The interview participants reported that the constant change and timeliness of the community wall was a motivating factor for visiting the MSC. The participants liked the community wall's changing stream of knowledge because every time they visited, they found something "fresh," "new," and "different." Some of the interview participants visited the MSC on different days and different times of the day in order to access a wider range of shared knowledge. Alex, a middle school math teacher, shared that he visited the MSC multiple times every week in order to acquire more knowledge: "If you go in [to the MSC] on Sunday and you don't find anything, you might find more on Tuesday." Alex felt that frequent visits to the MSC, at varying times, allowed him to gain knowledge from a broader audience.
Community
The MSC community consisted of a large, diverse group of individuals who had a shared vision or purpose. Cecilia, a middle school math teacher, shared that members were "all there for the same purpose," and that they "all ultimately have the same goal and want the same things." Sarah, an elementary advanced topics teacher, described the members in the community as "people who are just like me." According to the interview participants, the community was made up of a group of individuals who shared the same values, goals, and experiences.
Division of labour
According to the survey demographic data, the participants brought a wide range of knowledge and experiences to the MSC. The participants' knowledge and experiences varied depending on their profession, years of teaching experience, and subjects and grade levels taught. Since the MSC consisted of members with varying degrees of expertise and experiences, members were able to find more diverse types of knowledge.
Additionally, the MSC members performed different roles within the MSC. Examination of the discussion threads revealed that there was a small group of members who actively asked for and shared knowledge on the MSC wall and there was a large group of members who viewed the shared knowledge but did not contribute to the wall. The community wall only had 5 to 10 new posts every day and the average number of replies per post was 4.9. However, MSC had hundreds of thousands of members. The posts with resources, such as links to external websites or uploaded documents, often had view counts in the thousands. In order to learn more about these two groups of members, the survey and interview participants were asked to describe their knowledge seeking and sharing actions within the MSC. The survey and interview participants described four different roles that they performed in the MSC. A new taxonomy was developed to describe these roles (see Table 3 ). The Four C's of Participation Taxonomy features the participant roles: contemplator, curator, crowdsourcer, and contributor.
Table 3
The Four C's of Participation Role Description
Contemplator
An individual who reads and assesses the shared knowledge in the community.
Curator
An individual who collects and organises shared knowledge from the community.
Crowdsourcer
An individual who posts a request for action and pools the wisdom of the crowd to find a solution, resource, or idea.
Contributor
An individual who replies to requests for action or shares best practices, links, resources, and other relevant knowledge with the community.
Contemplators were members who perused the discussion threads in the MSC. These individuals are often referred to in the literature as lurkers (Lucier, 2012 ). The interview participants described these individuals as voyeurs, stalkers, and observers. Megan shared how her actions fit within the contemplator role: "I guess I'm probably act more as a voyeur. For the most part, I'm just on the outside looking in, trolling to see what other people have posted." Contemplators actively browsed through the shared knowledge on the community wall or used the search engine to explore various topics. They analysed the shared knowledge and contemplated how they could use the knowledge in their classrooms. They were not simply passive observers.
Curators were similar to contemplators; however, they actively assessed, collected, and organised the shared knowledge in the MSC. Curators used external tools, such as LiveBinders, Symbaloo, email, or the Edmodo Library, to save, categorise, and organise shared knowledge. Eight of the 10 interview participants described how they curated the shared knowledge from the MSC. The following quotes highlight the different tools that the interview participants used to curate shared knowledge:
I put new ideas and resources in a bit.ly list. I have some sites that I put in Livebinder also. I'm basically just curating information. (Sarah) I've got one Symbaloo setup for each math standard which has all the games, activities, lessons, quizzes, and everything that you would need to do to introduce, cover, flesh out, RTI, differentiate that standard. (Grace) I probably have 400 math games bookmarked on my school website and I have teachers across the district tell their kids, 'Go to Ms. T's website' because they know that I've found games and resources for all of the math topics they cover. (Rachel)
Curators used external tools to collect and organise the shared knowledge in the MSC in order to access the knowledge at a later point or to share the knowledge with students, colleagues, or other networks.
Crowdsourcers were individuals who solicited advice, feedback, ideas, or resources by posting a request for help or action (e.g., "I need a resource for multiplication") on the community wall. A little more than half of the MSC wall posts that were examined were requests for action (n=321), which demonstrated that many members were actively seeking knowledge by posting on the community wall. Grace shared how posting a request for action in the MSC was her main way of finding knowledge: "I usually just put a question there [on the MSC community wall] because you just get immediate responses." Grace felt that posting a request for action and pooling the wisdom of the crowd allowed her to receive quick responses that were geared towards her specific needs.
Contributors were individuals who shared knowledge by posting in the MSC or responded to members' requests for action. Contributors believed that it was important to give back to the MSC. Sarah shared how she was willing to respond to other member's posts if she felt that she could help them. Rachel and Christine shared how they frequently posted on the community wall and participated in discussion threads. Many Contributors also bridged multiple communities and networks. James, Alex, and Grace reported that they frequently found new ideas and resources from their online and face-to-face communities and shared this knowledge with the MSC. Forte, Humphreys, and Park (2012) described these types of teachers as "conduits" (p.7) who moved information, resources, and best practices back and forth between online communities of practice and their school communities.
The roles that members performed in the MSC varied. As members become more comfortable and familiar with using the tools in the MSC, they were more likely to advance through the four C's of participationmoving from contemplator to contributor. However, these roles were flexible. Members could be a curator during one visit to the MSC and then a contributor during the next. The interview participants often performed different roles depending on their goals, amount of free time, and comfort with using the various tools in the MSC.
The participants' roles shaped the way they used the MSC tools to acquire knowledge. The participants who described themselves as contemplators and curators were typically only willing to browse the community wall to find knowledge. The participants who described themselves as crowdsourcers posted requests for action on the community wall. Contributors actively exchanged knowledge and engaged in conversations in the MSC.
Each of these four roles also played a part in shaping the MSC activity system. Contributors shared knowledge, which kept the MSC wall new and fresh and motivated members to return to the MSC. Crowdsourcers encouraged members to share their knowledge by posting requests for action. Curators and Contemplators increased the social presence in the community by actively clicking on the wall posts, which in turn, increased the contributors' willingness to share more knowledge.
Overall, the MSC consisted of a large, diverse community of members with different professions, knowledge, skills, and years of teaching experience. These members took on different roles depending on the object they were pursuing and these roles shaped the process of acquiring knowledge.
Rules
When asked about the rules for participating in the community, the interview participants were not aware of any explicit rules. The Edmodo website has a User Trust & Safety FAQ (https://support.edmodo.com/home#forums/20929590-user-trust--safety-faq), which describes the privacy and safety rules and how members can report inappropriate content, language, or members, and cyberbullying. None of the participants were aware of this resource. However, the interview participants described two main implicit rules that shaped members' actions within the MSC: professionalism and reciprocity.
Professionalism
All of the interview participants described the MSC as a professional community. The interview participants used the term professional to describe a practice-based community with members who were positive, respectful, and helpful. The following two quotes provide examples of the implicitly enacted rule of professionalism that shaped the members' actions:
I had noticed that people tend to be very positive. You don't get the negativity that sometimes comes with social media, like Facebook. You know people are professional and helpful. I don't really notice a lot of spam or things of that nature. (Andrea) I believe the culture of the community is generally helpful and supportive. The comments are positive, professional, and respectful. I have never seen any spam, or anyone pushing an inappropriate agenda. I haven't witnessed any negative language. (Grace)
Grace and Andrea felt encouraged and empowered to participate in the MSC because all of the members in the MSC shared an implicit understanding that posts and replies should be positive, professional, and helpful.
Reciprocity
The interview participants also shared that there was an implicitly understood rule that members should give back to the MSC. The participants felt that members should not only be willing to help other members in the MSC, but also that they should share high-quality resources and ideas. Alex described how he would pilot test a resource with one of his other online communities and if other teachers liked it, he would share the resource in the MSC. Alex made sure that the resources he shared were well received by his other networks before sharing them with the MSC. He explained how individuals who posted self-promoting material or poor quality resources had a bad reputation in the MSC. Additionally, 7 of the interview participants explained how there was a general understanding that if someone needed help, members should be willing to respond and provide assistance. This notion of reciprocity was essential to maintaining an active knowledge sharing community.
Overall, the interview participants depicted the MSC as a safe, professional community where they could share knowledge and connect with members without worrying about negativity. There seemed to be an implicit understanding in the MSC that members should be collegial and posts and comments should not be negative. The participants felt that since everyone in the MSC shared the same vision and purpose, the sociocultural norms for participating were relatively straightforward: stay positive, respond and help other members, and do not post spam. These implicit community rules motivated members to give back, share high quality resources, and act professionally and respectfully.
Contradictions
The participants identified multiple contradictions among the elements in the MSC activity system. The most prominent contradiction occurred within the subject-tool-object relationship. The main tool that members used to look for and share knowledge in the MSC was the community wall. However, the community wall was an unorganised stream of knowledge that featured only 20 to 30 of the latest discussion threads. This meant that members only saw the most recent threads relative to when they logged in to visit the MSC. If a member had a specific objective (e.g., find a fractions video for fourth grade students), the chances in which that information would be posted on the community wall at the exact time the member needed it were slim. Alex noted that this was a frustrating aspect of the MSC:
I'm more interested in where can I find the site to get the specifics tailored to me. Because when I turn on Edmodo and you've got how to solve an equation with variables on both sides, what are the odds that that's what I'm looking for now? One in 365 days.
Meanwhile, the search engine could be used as a tool to explore all of the posts in the MSC. Yet, the majority of participants did not use this tool, either due to lack of awareness or lack of knowledge about how to use it. Thus, the tool that the subject selected significantly shaped, and often limited, the subject's ability to pursue the object. As a result, participants had to devise solutions, such as visiting the MSC on different days and times to connect with a wider network, posting a request for action to obtain specific knowledge, and using third-party curation tools, such as Symbaloo, to collect and organise the resources, ideas, and information shared in the MSC. This resulted in a change in the MSC activity system with the introduction of new roles: the crowdsourcer and the curator.
Discussion
Previous studies about PDNs, online communities, and teacher learning have generally focused on discrete variables and cause-and-effect relationships. Yet, these studies do not do justice to the complexity of the teaching profession. One of the benefits of using the CHAT framework as a theoretical lens was being able to look at a PDN as a complex and evolving activity system. The findings from this study demonstrated that the subjects engaged in actions that allowed them to mutually evolve with the MSC activity system. As the subjects acquired new knowledge from the MSC, their expertise changed, which in turn, changed the way they interacted with the other elements in the PDN activity system. Additionally, when the subjects faced contradictions, they found ways to overcome these tensions (e.g., enacting new roles), which resulted in changes to the MSC.
Another strength of using the CHAT framework was being able to examine teachers' actions within a complex system of elements. The findings from this study demonstrate that teachers' knowledge seeking and sharing actions within the MSC were mediated by multiple sociocultural elements. The tools shaped how teachers found knowledge. The community members' actions and expertise influenced what types of knowledge participants were able to find. The community rules created a positive, professional culture, which shaped members' knowledge sharing actions. Meanwhile, members enacted four roles that influenced how knowledge was organised, shared, and found. These findings support previous studies by Barab, Schatz, and Scheckler (2004) , Carr and Chambers (2006) , and Jones and Preece (2006) , who found that the social (e.g., community) and technical (e.g., tools) aspects of a community influence teachers' actions in online communities.
It is critical that teachers learn to examine the elements that shape how knowledge is accessed and shared in a PDN. Teachers who do not understand the social, cultural, and technical aspects of a PDN risk not being able to find knowledge to achieve their professional goals. For example, teachers who do not adhere to the community rules might be banned, ignored, or seen as less credible, which significantly limits their ability to seek out knowledge. Teachers who do not understand how and why knowledge is organised, curated, and shared might be more likely to come across inaccurate, misleading, or biased knowledge that might negatively impact their practice. Additionally, teachers who do not know how to use the different tools in the community to find and share knowledge will be restricted in achieving their goals. In this study, teachers who just browsed the community wall were limited to finding knowledge that had been shared recently by other members.
As more and more K-12 teachers turn to PDNs to acquire knowledge that they cannot find elsewhere, it is important that these teachers learn to unpack the complexity of a PDN and understand how the various sociocultural elements within these spaces shape their ability to achieve their knowledge seeking and sharing goals. This can be done by asking questions about, observing, and critically examining the different elements within the PDN activity system. The CHAT framework can be used as a guide for educators to analyse the contexts and influential elements within various virtual spaces. For example, teachers can examine the tools (e.g., "How do members use the tools to find, organise, curate, and distribute information?"), rules (e.g., "What are the rules, etiquette, and guidelines that influence how members participate in the community?"), and division of labor (e.g., "How do the community members enact different roles?") to better understand how knowledge is shared and found in a PDN. Teacher education programs might consider incorporating action research about PDNs, using CHAT as an analytical guide, to help teachers acquire this knowledge. Additionally, teacher educators should find ways to provide ongoing support to K-12 teachers as they use these spaces for professional growth. This could be done by organising a professional learning community for K-12 teachers to meet face-to-face on a weekly or monthly basis to collaboratively analyse PDNs for educators.
However, PDNs are not limited to K-12 teachers. Many higher education faculty use PDNs as a tool for exchanging professional knowledge (e.g., faculty learning communities) or setup PDNs for students in their courses. There are also student-driven PDNs, which allow students to exchange academic knowledge related to a course. When setting up a PDN, it is helpful to understand the various elements at play that can shape participation and the exchange of knowledge. For example, simply setting up a discussion forum or list serve for a course without establishing community rules or roles, providing support for using the tools, or identifying the object of the PDN could result in low participation or off-task behavior. Additionally, changing one element (e.g., new community members, new tools, new rules) can change the other elements as well as the entire activity system and contradictions between elements can lead to the evolution of the activity system. Therefore, faculty, instructional designers, researchers, and students who create PDNs could use the CHAT framework to critically examine how these elements might shape the acquisition and exchange of knowledge and develop ways to support and encourage members.
While this study provides important insights about the complexity of teachers' knowledge seeking and sharing actions in a PDN, there were multiple limitations that influenced the findings. This study was limited by a non-random sample of survey and interview participants, a small sample size, and a focus on participants in the math subject community. The non-random sampling technique was used in order to ensure participants had sufficient knowledge and expertise related to the study. The small sample size was due in part to collecting data via an optional online survey and having a limited number of respondents who fit the purposive sampling criteria and were willing to participate in the follow-up interview. Three sets of data (survey, interview, MSC discussion threads) were collected in order to overcome the limitations of a small sample size and obtain a more holistic view of the MSC. Additional research is needed with a larger random sample in order to generalise the findings to a broader population. Also, the study focused on participants in the Math Subject Community. Edmodo has 12 subject communities and there are countless other PDNs that can be examined. Future studies are needed to examine whether the findings from this study are consistent with the knowledge seeking and sharing actions of members in other PDNs.
Conclusion
With the increasing number of social networking sites and web 2.0 tools, higher education faculty, students, and K-12 teachers have access to a variety of PDNs. Research has shown that PDNs are useful tools for finding and sharing knowledge. However, each PDN has its own culture, rules, community, and set of tools that shape members' knowledge seeking and sharing actions. By taking the time to understand the network of elements within a PDN, teachers can access the knowledge they need to grow their practice more easily and researchers and instructional designers can develop more effective PDNs to support teacher and student learning.
